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,QGLDQ HGXFDWLRQDO LQVWLWXWLRQV QRZ FRQGXFW FRPSXWHU EDVHG HQWUDQFH H[DPLQDWLRQV VXFK DV &$7 &RPPRQ
$GPLVVLRQ7HVW±FRQGXFWHGE\WKH,QGLDQ,QVWLWXWHRI0DQDJHPHQWV%,76$7%LUOD,QVWLWXWHRI7HFKQRORJ\DQG
6FLHQFHV$SWLWXGH7HVWHWF0DQ\,QGLDQVWXGHQWVVHHNLQJDGPLVVLRQEH\RQG,QGLDQVKRUHV WDNHRQOLQHFRPSXWHU
EDVHGH[DPVVXFKDV*5(*UDGXDWH5HFRUGV([DPLQDWLRQ72()/7HVWRI(QJOLVKDVD)RUHLJQ/DQJXDJHHWF
7KHDGYDQWDJHV WKH\RIIHUDUHZHOONQRZQDQGREYLRXVComputer Based Testing &%7RIIHUV VWDQGDUGL]DWLRQRI
WHVWDGPLQLVWUDWLRQ,QFDVHRIDODUJHWHVWSRSXODWLRQVL]H&%7KHOSVWHVWGHYHORSHUVWRVHWWKHVDPHWHVWFRQGLWLRQV
IRU DOO H[DPLQHHV ,W LPSURYHV YDULRXV DVSHFWV RI WHVW VHFXULW\ E\ VWRULQJ TXHVWLRQV DQG UHVSRQVHV LQ HQFU\SWHG
GDWDEDVHV ,W HQDEOHV WHVWHUV WR FUHDWH UDQGRPL]HG TXHVWLRQV DQG DQVZHUV IURP YDVW TXHVWLRQ SRROV 2Q WKH
H[DPLQHHV¶VLGHWKH\DUHDEOHWRUHFHLYHJUHDWHUPHDVXUHPHQWHIILFLHQF\DQGWKHSRVVLELOLW\WRWDNHWHVWVDWDQ\WLPH
DQGSODFH FRQYHQLHQW WR WKHP ,Q IDFW&%7ZKLFK LV DOVR UHIHUUHG WR DVComputer Based Assessment &%$KDV
RYHUFRPH WKH WHPSRUDO DQG VSDWLDO FRQVWUDLQWVSRVHGE\ WUDGLWLRQDO IRUPDWRI HGXFDWLRQDO DVVHVVPHQW DQG DV VXFK
KDYHEHFRPHDQHIIHFWLYHWRRORIOHDUQLQJDQGWHDFKLQJ
,QLWLDOO\ZKHQFRPSXWHU EDVHG WHVWVZHUH GHYHORSHG IURPSUHH[LVWLQJSDSHU DQGSHQEDVHG WHVWV LQIRUPDWLRQ
ZDVXVXDOO\UHTXLUHGUHJDUGLQJWKHFRPSDUDELOLW\RIWKHWHVWVFRUHVREWDLQHGLQRQHPRGHWRVFRUHVREWDLQHGLQWKH
RWKHUPRGH/LWHUDWXUHVKLJKOLJKWFRPSDUDELOLW\VWXGLHVWKDWDQDO\]HWKHHIIHFWVRQVWXGHQWSHUIRUPDQFHRIWKHPRGH
RI WHVW GHOLYHU\ LH HLWKHU FRPSXWHU RU SDSHUEDVHG PRGH WKHVH DUH UHIHUUHG WR DV ³PRGH HIIHFWV´ 7KRXJK
XQLYHUVLWLHVDFURVVWKHJOREHDUHVZLWFKLQJWR&%$IRUWKHXQLTXHDGYDQWDJHVLWSURYLGHVRYHUWKHWUDGLWLRQDOSHQDQG
SDSHUEDVHG WHVWLQJHQYLURQPHQW VWLOO LQKLJKVWDNHVHGXFDWLRQDO WHVWLQJ WKH LPSDFWRI&%$LVPLQLPDO3UHYLRXV
LQYHVWLJDWLRQV RI WHVWPRGH HIIHFWV KDYH KLJKOLJKWHG FRQWUDGLFWRU\ UHVXOWV :KLOH VWXGLHV UHSRUWHG E\ 0D]]HR
'UXHVQH5DIIHOG&KHFNHWWVDQG0XKOVWHLQKLJKOLJKWHGWKDWVFRUHVRQWKHSDSHUEDVHGWHVWZHUHVXSHULRUWR
WKH FRPSXWHUEDVHG WHVW VFRUHV 0DVRQ 3DWU\ 	 %HUVWHLQ  6FKDHIIHU 5HHVH 6WHIIHQ 0F.LQOH\ 	0LOOV
KDYHUHSRUWHGQRGLIIHUHQFHVEHWZHHQFRPSXWHUDQGSDSHUEDVHGWHVWV
1DYLJDWLRQZKLFKLVDFULWLFDO WRRO LQK\SHUPHGLDEDVHGOHDUQLQJHQYLURQPHQWVKDVUDUHO\EHHQLQYHVWLJDWHGIRU
WKHLUHIIHFWVRQVWXGHQWV¶SHUIRUPDQFHLQD&%$HQYLURQPHQW:KHQWKHUHDUHLQFRQFOXVLYHHYLGHQFHVUHJDUGLQJWKH
HIIHFWRIQDYLJDWLRQDOPHFKDQLVPEHWZHHQWKHVDPHGLVSOD\XQLWVLHWKH&%$IRUPDWLWLVREYLRXVWKDWGLIIHUHQFHV
ZRXOGH[LVWZKHQ&%$GLVSOD\IRUPDWLVFRPSDUHGZLWKWKHWUDGLWLRQDOSHQDQGSDSHUEDVHGIRUPDW7KHUHIRUHLWLV
ILUVW DQG IRUHPRVW UHTXLUHG WKDW HPSLULFDOO\ YDOLGDWHG LQYHVWLJDWLRQV DUH FRQGXFWHG WR LGHQWLI\ WKH RSWLPDO GLVSOD\
IRUPDW LQD&%$V\VWHPDQGWKHQSUREDEO\FRPSDULQJLWZLWKWKHWUDGLWLRQDOIRUPDWZRXOGSURYLGHJUHDWHU LQVLJKW
LQWRWKHHIIHFWRIWKHWHVWLQJPRGHV,WLVWKHUHIRUHSRVLWHGKHUHWKDWLQYHVWLJDWLRQVVKRXOGEHFDUULHGRXWWRREVHUYH
ZKHWKHUGLIIHUHQFHVDPRQJWKHSUHVHQWDWLRQIRUPDWLQWKHVDPHPRGHH[LVWVRUQRW
1DYLJDWLRQDOPHFKDQLVPVLQ+\SHUPHGLDEDVHGOHDUQLQJHQYLURQPHQWV
8QOLNH K\SHUPHGLD EDVHG OHDUQLQJ HQYLURQPHQWV VXPPDWLYH FRPSXWHU EDVHG DVVHVVPHQW HQYLURQPHQWVZKLFK
DUHDFRPSRQHQWRIRQOLQHOHDUQLQJHQYLURQPHQWVDUHKLJKVWUHVVVLWXDWLRQVWKDWUHTXLUHVH[KDXVWLYHXVHRIFRJQLWLYH
UHVRXUFHV LQ OLPLWHG WLPH VHWWLQJ IRUPDWV E\ VWXGHQWV7KHUHIRUH LW LV LPSRUWDQW WKDW WKH FRPSXWHUEDVHGGHOLYHU\
PHGLDRIWKHDVVHVVPHQWFRQWHQWGRHVQRWLQWHUIHUHZLWKWKHSUREOHPVROYLQJDFWLYLW\RIWKHVWXGHQWV7KHFRPSXWHU
EDVHGGHOLYHU\PHGLDPXVWDFWDVDIDFLOLWDWLQJWRROVXSSRUWLQJWKHVWXGHQWVLQIRFXVLQJWKHLUFRJQLWLYHUHVRXUFHVLQ
SUREOHPVROYLQJDFWLYLW\,IWKHGHOLYHU\PRGHIRUFHVWKHVWXGHQWVWRVSHQGWLPHDQGFRJQLWLYHUHVRXUFHVLQOHDUQLQJ
WKHWRROLWVHOIWKHQSHUIRUPDQFHRIWKHVWXGHQWVPD\EHFRPSURPLVHG/LWHUDWXUHKLJKOLJKWVWXGLHVWKDWLQYHVWLJDWHG
WKHHIIHFWRIWKHSUHVHQWDWLRQPRGHVXFKDVVFUHHQVL]HDQGUHVROXWLRQVFUROOLQJLWHPUHYLHZDQGLWHPSUHVHQWDWLRQ
RQWKHSHUIRUPDQFHRIWKHVWXGHQWVLQDFRPSXWHUEDVHGDVVHVVPHQWHQYLURQPHQW%XWWKHUHKDYHEHHQUDUHO\DQ\
VWXGLHV WKDW LQYHVWLJDWHG WKH HIIHFW RI QDYLJDWLRQDO PHFKDQLVP LQ &%$ HQYLURQPHQW WKRXJK PDQ\ VWXGLHV KDYH
LQYHVWLJDWHGWKHLUHIIHFWVRQJHQHUDORQOLQHOHDUQLQJHQYLURQPHQWV0RUHRYHUWKHVWXG\RIQDYLJDWLRQDOPHFKDQLVPV
LQDFRPSXWHUEDVHGDVVHVVPHQWHQYLURQPHQWDVVXPHVPRUHVLJQLILFDQFHEHFDXVHLIWKHDFWLYLWLHVRIWKHVWXGHQWVOLNH
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WKHLUDELOLW\WRSODQWKHLUDFWLRQVGHWHUPLQLQJWKHLUORFDWLRQDQGILQGWKHLUZD\EDFNLIWKH\IROORZDQLQDSSURSULDWH
QDYLJDWLRQ LWHPDUHFRPSURPLVHG LWPD\ OHDG WRGLVRULHQWDWLRQDQG LQFUHDVH LQFRJQLWLYHRYHUORDGDIIHFWLQJ WKHLU
SHUIRUPDQFHHVSHFLDOO\LQVWUHVVIXOH[DPLQDWLRQFRQWH[W
(IIHFWVRIQDYLJDWLRQDOPHFKDQLVPVRQOHDUQHUVKDYHEHHQDPDMRUDUHDRIVWXG\LQK\SHUPHGLDEDVHGOHDUQLQJ
HQYLURQPHQWV,WKDVEHHQUHSRUWHGWKDWQDYLJDWLRQDOWRROVLQFUHDVHQDYLJDWLRQHIILFLHQF\UHGXFHWKHIHHOLQJRIEHLQJ
ORVW DQG LPSURYH OHDUQLQJ SHUIRUPDQFH %XW LW PD\ DOVR LPSHGH WKH FRJQLWLYH IOH[LELOLW\ RI WKH OHDUQHUV E\
LPSRVLQJDVLPSOLILHGVWUXFWXUHRYHUWKHH[LVWLQJNQRZOHGJHVWUXFWXUHDQGDVVXFKPD\QRWFRPSHOWKHOHDUQHUVWR
IXOO\LQWHUDFWZLWKWKHK\SHUWH[WHQYLURQPHQW6WXGLHVFRQGXFWHGE\'HH/XFDVDQG/DUNLQDQG0F'RQDOG
DQG 6WHYHQVRQ  UHYHDOHG WKH EHQHILWV RI SURYLGLQJ FRQWHQW OLVW RQ OHDUQHUV QDYLJDWLRQ DQG PHPRU\ LQ
K\SHUWH[WHQYLURQPHQWV/LNHZLVHFRQFHSWPDSVZHUHIRXQGWRLPSURYHOHDUQHUFRQWURODQGFRJQLWLYHIOH[LELOLW\LQD
K\SHUWH[W OHDUQLQJ HQYLURQPHQW   $SDUW IURP VWXGLHV LQ K\SHUPHGLD EDVHG OHDUQLQJ HQYLURQPHQWV WKHUH DUH
VWXGLHV WKDW UHSRUW WKH HIIHFW RI QDYLJDWLRQDO PHFKDQLVPV RQ XVHUV¶ SHUIRUPDQFH DQG VXEMHFWLYH SUHIHUHQFH LQ
LQIRUPDWLRQV\VWHPV/HXWKROGHWDOUHSRUWVWKHSRVLWLYHHIIHFWVRIYHUWLFDOPHQXVWKDWGLVSOD\VDOOWKHOLQNV
DWWKHVDPHWLPHRYHUG\QDPLFPHQXVWKDWUHSUHVHQWVFRQGHQVHGGLVSOD\DQGRQO\GLVSOD\VDOOWKHOLQNVRQUHTXHVWE\
WKHXVHUE\PRXVHUROORYHUDFWLRQRQXVHUV¶SHUIRUPDQFHDQGVXEMHFWLYHSUHIHUHQFHLQZHESDJHV$VLPLODUVWXG\
FRQGXFWHGE\)RZOHUDQG6WDQZLFN IDYRUHGYHUWLFDOPHQXV LQ LQIRUPDWLRQV\VWHPVRYHUG\QDPLFPHQXV
$SDUWIURPVFUROOLQJQRWDVLQJOHVWXG\KDVUHSRUWHGWKHHIIHFWVRIRWKHUQDYLJDWLRQDOPHFKDQLVPVWKDWGLVSOD\DOOWKH
OLQNVDWDSDUWLFXODUWLPHYHUVXVFRQGHQVHGGLVSOD\RIOLQNVDWDSDUWLFXODUWLPHLQWKHFRQWH[WRID&%$HQYLURQPHQW
ZKLFK LV D FRPSRQHQW RI WKH RQOLQH OHDUQLQJ HQYLURQPHQW 7KRXJK IHZ VWXGLHV KDYH LQYHVWLJDWHG WKH HIIHFW RI
LQGLYLGXDOFKDUDFWHULVWLFVRQQDYLJDWLRQLQK\SHUPHGLDHQYLURQPHQWVQRQHRIWKHVWXGLHVKDYHHYHULQYHVWLJDWHGWKH
HIIHFW RI GLIIHUHQFHV LQ LQGLYLGXDO FKDUDFWHULVWLFV GXH WR FXOWXUDO EDFNJURXQGV RQ K\SHUPHGLD EDVHG QDYLJDWLRQDO
PHFKDQLVPV
7KLVVWXG\WKHUHIRUHDVVXPHVVLJQLILFDQFHIURPWKHIDFWWKDWLWDOVRLQWHQGVWRLQYHVWLJDWHWKHHIIHFWVRI&XOWXUDO
EDFNJURXQGVRIVWXGHQWVLQDK\SHUPHGLDEDVHGDVVHVVPHQWHQYLURQPHQW,QWKLVUHVHDUFKVWXG\DSDUWIURP&XOWXUDO
EDFNJURXQGVRI VWXGHQWVZHDOVR WDNHDSRVLWLRQRQ WKHSUHVHQWDWLRQ IRUPDWVRI&%$HQYLURQPHQWV DQG LQWHQG WR
VWXG\ WKHLU HIIHFWV RQ VWXGHQWV¶ SHUIRUPDQFH (IIHFWV RI GLIIHUHQW IRUPDW RI QDYLJDWLRQDO PHFKDQLVPV LQ D &%$
HQYLURQPHQW GHPDQGV LPPHGLDWH DWWHQWLRQ EHFDXVH LI D SDUWLFXODU W\SH RI QDYLJDWLRQDO PHFKDQLVP LPSHGHV WKH
FRJQLWLYH IOH[LELOLW\RI WKH VWXGHQWV LWPD\DIIHFW WKHLUSHUIRUPDQFHDQG LQ WXUQDIIHFW VWXGHQWV¶ WHVWSHUIRUPDQFH
7KLVPD\UDLVHTXHVWLRQVRQWKHYDOLGLW\RIWKHWHVWVSHUIRUPDQFHUHSRUWHGIURPDVVHVVPHQWVGHOLYHUHGWKURXJKWKH
FRPSXWHUEDVHGPHGLD
&XUUHQW6WXG\
7KHSXUSRVHRIWKLVVWXG\ZDVWRH[DPLQHWKHHIIHFWRIQDYLJDWLRQDQGFXOWXUDOEDFNJURXQGVRIVWXGHQWV¶RQWKHLU
SHUIRUPDQFHVHOIUHSRUWHGFRJQLWLYHORDGSHUFHLYHGXVDELOLW\SHUFHLYHGHDVHRIXVHSHUFHLYHGXVHIXOQHVVSHUFHLYHG
V\VWHPTXDOLW\ UHODWLYHDGYDQWDJHHOHDUQLQJVDWLVIDFWLRQDQGVWXGHQWV¶ZLOOLQJQHVV WRFRQWLQXH WRXVH WKH V\VWHP
/LWHUDWXUHV LQ&XOWXUDO VWXGLHVSUHVHQWQXPHURXVSHUVSHFWLYHV WKURXJKZKLFKFXOWXUHDQG LWVGLPHQVLRQVKDYHEHHQ
GHILQHG6FKHLQLQDUJXHGWKDWEDVLFDVVXPSWLRQVDUHDWWKHFRUHRIFXOWXUHUHSUHVHQWFRJQLWLYHVWUXFWXUHVRU
LQWHUSUHWLYH VFKHPHV WKDW SHRSOH XVH WR SHUFHLYH VLWXDWLRQV DQG WR PDNH VHQVH RI RQJRLQJ HYHQWV DFWLYLWLHV DQG
KXPDQUHODWLRQVKLSVWKHUHE\IRUPLQJWKHEDVLVIRUFROOHFWLYHDFWLRQ,QWKLVUHVHDUFKLQYHVWLJDWLRQZHWKHUHIRUH
WDNH D SRVLWLRQ IURP WKH SHUVSHFWLYH RI &XOWXUDO OHYHOV DV KLJKOLJKWHG E\ 6FKHLQ LQ  :H DUJXH WKDW WZR
VWXGHQWV JURXSV GHILQHG E\ WKHLU &XOWXUHPDUNHUV ZRXOG SUREDEO\ GLVSOD\ GLIIHUHQW VXEVHTXHQW EHKDYLRXUV ZKLOH
LQWHUDFWLQJZLWKGLIIHUHQWSUHVHQWDWLRQIRUPDWVLQD&RPSXWHU%DVHG$VVHVVPHQWHQYLURQPHQW
3.1. Working Hypothesis 
7RLQYHVWLJDWHWKHHIIHFWVRILQWHUIDFHIHDWXUHVDQGFXOWXUDOEDFNJURXQGVILYHH[SHULPHQWVZHUHFRQGXFWHG(DFK
RIWKHILYHH[SHULPHQWVLQYHVWLJDWHGWKHHIIHFWRIQDYLJDWLRQDOPHFKDQLVPDQGWKHHIIHFWRIFXOWXUDOEDFNJURXQGVRQ
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WKHVWXGHQWV¶SHUIRUPDQFHDQGWKHLUVXEMHFWLYHHYDOXDWLRQRIWKH&%$V\VWHP9HUWLFDOPHQXEDVHGQDYLJDWLRQDQG
VWHSEDVHGQDYLJDWLRQDUHWKHWZRGLIIHUHQWQDYLJDWLRQDOPHFKDQLVPVLQXVHLQWKHWZRPRVWZLGHO\WDNHQFRPSXWHU
EDVHGRQOLQH WHVW LQ ,QGLD QDPHO\%,76$7 %LUOD ,QVWLWXWHRI7HFKQRORJ\DQG6FLHQFHV$SWLWXGH7HVW DQG&$7
&RPPRQ $GPLVVLRQ 7HVW :KLOH %,76$7 LPSOHPHQWHG VWHS DV ZHOO DV YHUWLFDO PHQX EDVHG QDYLJDWLRQ
PHFKDQLVP&$7 LPSOHPHQWHGVWHSQDYLJDWLRQRQO\7KHFXUUHQW VWXG\ LVEDVHGRQ WKH IHDWXUHV WKDWDUH LQXVH LQ
WKHVHRQOLQHFRPSXWHUEDVHGWHVWV
+D 1DYLJDWLRQ DORQH ZRXOG DIIHFW SHUIRUPDQFH RI VWXGHQWV SHUFHLYHG FRJQLWLYH ORDG SHUFHLYHG V\VWHP
XVDELOLW\ SHUFHLYHG HDVH RI XVH SHUFHLYHG XVHIXOQHVV V\VWHP TXDOLW\ HOHDUQHU¶V VDWLVIDFWLRQ ZLOOLQJQHVV WR
FRQWLQXHWKHXVDJHDQGUHODWLYHDGYDQWDJHLQDVXPPDWLYH&%$HQYLURQPHQW
+D &XOWXUDO EDFNJURXQG DORQH ZRXOG DIIHFW SHUIRUPDQFH RI VWXGHQWV SHUFHLYHG FRJQLWLYH ORDG SHUFHLYHG
V\VWHP XVDELOLW\ SHUFHLYHG HDVH RI XVH SHUFHLYHG XVHIXOQHVV V\VWHP TXDOLW\ HOHDUQHU¶V VDWLVIDFWLRQ DQG
ZLOOLQJQHVVWRFRQWLQXHWKHXVDJHDQGUHODWLYHDGYDQWDJHLQDVXPPDWLYH&%$HQYLURQPHQW
+D7KH LQWHUDFWLQJHIIHFWRIFXOWXUDOEDFNJURXQGDQGQDYLJDWLRQDORQHZRXOGDIIHFWSHUIRUPDQFHRIVWXGHQWV
SHUFHLYHGFRJQLWLYHORDGSHUFHLYHGV\VWHPXVDELOLW\SHUFHLYHGHDVHRIXVHSHUFHLYHGXVHIXOQHVVV\VWHPTXDOLW\H
OHDUQHU¶V VDWLVIDFWLRQ DQG ZLOOLQJQHVV WR FRQWLQXH WKH XVDJH DQG UHODWLYH DGYDQWDJH LQ D VXPPDWLYH &%$
HQYLURQPHQW
3.2. Dependent Measures 
7KHVWXG\UHSRUWHGKHUHFDSWXUHV WKHSHUIRUPDQFHRI WKHVWXGHQWVIURP WKHSHUVSHFWLYHRI WHVW VFRUHVDQG WLPH
WDNHQWRFRPSOHWHWKHWHVW%XWDSDUWIURPWKHVHWZRYDULDEOHVRWKHUVHQVLWLYHYDULDEOHVVXFKDVSHUFHLYHGFRJQLWLYH
ORDG SHUFHLYHG V\VWHP XVDELOLW\ SHUFHLYHG HDVH RI XVH SHUFHLYHG XVHIXOQHVV V\VWHP TXDOLW\ UHODWLYH DGYDQWDJH
SHUFHLYHG HOHDUQLQJ VDWLVIDFWLRQ DQG ZLOOLQJQHVV WR FRQWLQXH WR XVH KDYH DOVR EHHQ FDSWXUHG 7KH UDWLRQDOH IRU
FKRRVLQJWKHVHGHSHQGHQWIDFWRUVLVVWDWHGEHORZ
3HUFHLYHG&RJQLWLYH/RDG&RJQLWLYH/RDGDIIHFWV3HUIRUPDQFH
3HUFHLYHG6\VWHP8VDELOLW\	HOHDUQLQJVDWLVIDFWLRQDIIHFWVVXFFHVVRIHOHDUQLQJV\VWHP
3HUFHLYHG(DVHRI8VHDQG3HUFHLYHG8VHIXOQHVVDIIHFWV7HFKQRORJ\$FFHSWDQFH
6\VWHP4XDOLW\DQG(OHDUQHUVDWLVIDFWLRQDIIHFWVVXFFHVVRIHOHDUQLQJV\VWHP
 5HODWLYH DGYDQWDJH FDSWXUHV WKH SUHIHUHQFH RI VWXGHQWV XVLQJ WKH FXUUHQW &%$ V\VWHP RYHU RWKHU &%$
V\VWHPV
:LOOLQJQHVV WRFRQWLQXH WRXVH WKHV\VWHP7KLVIDFWRUGHWHUPLQHVZKHWKHU WKHV\VWHPZRXOGEHXVHG LQ WKH
IXWXUHDIWHULQLWLDODFFHSWDQFH



















D
866   Debayan Dhar and Pradeep Yammiyavar /  Procedia Computer Science  45 ( 2015 )  862 – 871 
 Dhar & Yammiyavar / Procedia Computer Science 00 (2015) 000–000  






















E
)LJD6WHSPHQXDQGE9HUWLFDO0HQXQDYLJDWLRQDOPHFKDQLVPVEDVHG&%$V\VWHPV
3.3. Test Items 
7ZR &%$ V\VWHPV ZHUH GHVLJQHG ZLWK YHUWLFDO PHQX DQG VWHS EDVHG QDYLJDWLRQDO PHFKDQLVPV )LJXUH 
3DUWLFLSDQWVLQHDFKFRQGLWLRQDQVZHUHGWHQTXHVWLRQVGLYLGHGDPRQJORJLFDOUHDVRQLQJYHUEDOUHDVRQLQJDQG
QRQYHUEDO UHDVRQLQJ4XHVWLRQVZHUHYDOLGDWHGZLWK LQVWUXFWLRQDOH[SHUWV UHJDUGLQJ WKHFRQWHQWFRPSOH[LW\RI WKH
LWHPW\SHVDQGDIWHUYHULI\LQJZLWKWKHH[SHUWV WKHWHVW LWHPVZHUHSUHSDUHG7HVW LWHPVDUHVKDUHGVLPLODUFRQWHQW
FRPSOH[LW\OHYHODFURVVERWKWKHFRQGLWLRQV±YHUWLFDOPHQXEDVHGDQGVWHSEDVHGDVVHVVPHQWSUHVHQWDWLRQ
3.4. Questionnaires 
7KHVWXG\FRQGXFWHGLQWKLVUHVHDUFKLQYHVWLJDWLRQHPSOR\HGSXUSRVLYHVDPSOLQJSURFHGXUHIROORZHGE\UDQGRP
VHOHFWLRQ RI SDUWLFLSDQWV WR WKH LQGLYLGXDO WHVW FRQGLWLRQV )LUVW SDUWLFLSDQWV ZHUH VHOHFWHG RQ WKH EDVLV RI WKHLU
FRPSXWHUDWWLWXGHDQGFRPSXWHUDQ[LHW\7KHVHWZRIDFWRUVZHUHFDSWXUHGVLQFHDWWLWXGHWRZDUGFRPSXWHULQIOXHQFH
VWXGHQWV
 LQLWLDODFFHSWDQFHRI ,7DQGIXWXUH WDVNEHKDYLRUUHJDUGLQJFRPSXWHUV6LPLODUO\FRPSXWHUDQ[LHW\ LVD
GHWHUPLQDQW RI SHUFHLYHG HDVH RIXVH DQG LQ WXUQ LQIOXHQFHV WKH µOLNHOLKRRG WKDW D VWXGHQWZLOO XVH¶ K\SHUPHGLD
EDVHGOHDUQLQJV\VWHPDJDLQ/DWHUWKRVHZKRZHUHIRXQGWRKDYHDKLJKFRPSXWHUDZDUHQHVVDQGORZFRPSXWHU
DQ[LHW\ ZLWK SUHYLRXV H[SHULHQFHV ZLWK &%$ V\VWHPV ZHUH UDQGRPO\ DOORWWHG WKH &%$ WHVW FRQGLWLRQV  7KH
IROORZLQJLQVWUXPHQWVKDYHEHHQXVHGLQWKHVWXG\
4XHVWLRQQDLUHWRVHOHFWSDUWLFLSDQWVEDVHGRQWKHLUFRPSXWHUDZDUHQHVVDQGFRPSXWHUDQ[LHW\
L/HDUQHU¶VDWWLWXGHWRZDUGV&RPSXWHUV
LL/HDUQHUFRPSXWHUDQ[LHW\
$IWHUSDUWLFLSDQWVZHUHVHOHFWHGZLWKKLJKFRPSXWHUDZDUHQHVVDQGORZFRPSXWHUDQ[LHW\WKH\ZHUHUDQGRPO\
GLUHFWHGWRWKH&%$WHVWFRQGLWLRQV
 $IWHU WKH FRPSOHWLRQ RI WKH PDLQ DVVHVVPHQW VHVVLRQ SDUWLFLSDQWV ZHUH VXSSOLHG D SRVWWHVW TXHVWLRQQDLUH
FRPSULVLQJRIWKHIROORZLQJLWHPV
L1DWLRQDO$HURQDXWLFVDQG6SDFH$GPLQLVWUDWLRQ7DVN/RDG,QGH[
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LL6\VWHP8VDELOLW\6FDOH
LLL3HUFHLYHG(DVHRI8VH
LY3HUFHLYHG8VHIXOQHVV
Y6\VWHP4XDOLW\
YL5HODWLYHDGYDQWDJH
YLL3HUFHLYHGHOHDUQHUVDWLVIDFWLRQ
YLLL:LOOLQJQHVVWRFRQWLQXHWRXVH
7DEOH'LVWULEXWLRQRI*HQGHUDJHDQGPDUNVREWDLQHGLQWKHODVWTXDOLI\LQJH[DPDFURVV([DPFRQGLWLRQVDQGWKHFRXQWULHV
9HUWLFDOPHQXEDVHGQDYLJDWLRQ 6WHSQDYLJDWLRQ
,QGLD 86$ ,QGLD 86$
0DOH    
)HPDOH    
7RWDO    
$JH M M M M
 SD SD SD SD
0DUNVREWDLQHGLQODVWTXDOLI\LQJ
H[DP
M M M M
SD SD SD SD

3.5. Participants 
3DUWLFLSDQWVZHUHSXUSRVHIXOO\FODVVLILHGRQWKHEDVLVRIWKHLUFRPSXWHUDWWLWXGHFRPSXWHUDQ[LHW\DQGSUHYLRXV
H[SHULHQFHVZLWK&%$V\VWHPV2QHKXQGUHGDQGQLQHSDUWLFLSDQWVZHUHVHOHFWHGDQGWKH\YROXQWHHUHGIRUWKH
VWXG\7KH\ZHUHWKHQUDQGRPO\DVVLJQHGWRRQHRIWKHWZRH[SHULPHQWDOFRQGLWLRQVLQHDFKRIWKHILYHH[SHULPHQWV
)LIW\ WKUHH  VWXGHQWV IURP ,QGLD DQG ILIW\ VL[  VWXGHQWV IURP86$SDUWLFLSDWHG LQ WKH H[SHULPHQWV ,QGLDQ
SDUWLFLSDQWVZHUHSULPDULO\VWXGHQWVRIWKH,QGLDQ,QVWLWXWHRI7HFKQRORJ\DW*XZDKDWL$PLW\8QLYHUVLW\'HOKLDQG
1,7$JDUWDODDQGWKH$PHULFDQSDUWLFLSDQWVZHUHVWXGHQWVIURPWKH8QLYHUVLW\RI7H[DV$W$XVWLQ86$7KLUW\RQH
PDOHDQGWZHQW\WZRIHPDOHVWXGHQWVSDUWLFLSDWHGIURP,QGLD7ZHQW\RQHPDOHDQGRQHKXQGUHGDQG
WKLUW\ILYHIHPDOHVWXGHQWVSDUWLFLSDWHGIURP86$$OOWKHSDUWLFLSDQWVKDGWDNHQRQOLQHFRPSXWHUEDVHGWHVWV
EHIRUH 3DUWLFLSDQWV ZHUH EHWZHHQ  \HDUV ROG 0    6'   ,QGLD 0  6'  86$
0  6' $ WZR JURXS GHVLJQ VWXG\ZDV IRUPXODWHG IRU WKH LQYHVWLJDWLRQ:KLOH VWXGHQWV IURP ,QGLD
ZHUHDOORZHGWRFKRRVHWKHLUORFDWLRQIRUWKHH[SHULPHQWDOVWXG\$PHULFDQVWXGHQWVZHUHFDOOHGLQFRKRUWVLQDODE
ZKHUHHDFKSDUWLFLSDQWVZHUHDGPLQLVWHUHGDGLIIHUHQWVHWRIH[SHULPHQWDOWHVWFRQGLWLRQVDQGQRWZRFRQGLWLRQVZHUH
VLPLODU 7KLV FKRLFH IRU FRQGXFWLQJ D FRKRUW VWXG\ LQ WKH86$ FRQGLWLRQVZHUH DGRSWHG SXUHO\ GXH WR WHFKQLFDO
LVVXHV ,QGLDQ VWXGHQWV YROXQWHHUHG IRU WKH VWXG\ ZKLOH $PHULFDQ VWXGHQWV ZHUH DOORWWHG  FUHGLW KRXU IRU WKHLU
SDUWLFLSDWLRQ 7DEOH  KLJKOLJKWV WKH GHVFULSWLYH VWDWLVWLFV IRU WKH WZR JURXSV 7KH JURXSV RI WKH VWXGHQWV ZHUH
FRPSDUDEOHLQWHUPVRIPDUNVWKH\KDGREWDLQHGLQSUHYLRXVXQLYHUVLW\H[DPV
3.6. Experimental Procedure 
3DUWLFLSDQWV SXUSRVLYHO\ VFUHHQHG IRU KLJK OHDUQHU FRPSXWHU DZDUHQHVV DQG ORZ FRPSXWHU DQ[LHW\ DQG ZLWK
SUHYLRXVH[SHULHQFHZLWK&%$V\VWHPV$IWHUVFUHHQLQJWKHGHVLUHGSDUWLFLSDQWVWKH&%$V\VWHPUDQGRPO\DOORFDWHV
DUDQGRPDOJRULWKPZDVXVHGWRGRWKHVDPHWKHSDUWLFLSDQWVDSDUWLFXODU&%$WHVWFRQGLWLRQIURPWKHUHSRVLWRU\RI
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7DEOH0XOWLYDULDWH6WDWLVWLFV
(IIHFW 9DOXH F Hypothesis df Error df 6LJ
3DUWLDO(WD
6TXDUHG
2EVHUYHG
3RZHUF
([DP3LOODL¶V7UDFH       
&RXQWU\3LOODL¶V7UDFH       
([DP&RXQWU\3LOODL¶V7UDFH       
WKHWHQ&%$WHVWFRQGLWLRQV6FUHHQHGSDUWLFLSDQWVWKHUHDIWHUILOOHGRXWDGHPRJUDSKLFTXHVWLRQQDLUHEHIRUHHQWHULQJ
WKHPDLQDVVHVVPHQWVHVVLRQ7KH\ZHUHDOORWWHGWZHQW\PLQXWHV WRDQVZHUWKHVHTXHVWLRQV7KHWHVWVFRUHDQGWKH
WLPHWDNHQE\HDFKSDUWLFLSDQWWRFRPSOHWHWKHPDLQWHVWZHUHUHFRUGHG$IWHUFRPSOHWLQJWKHRQOLQHWHVWSDUWLFLSDQWV
ZHUHDGPLQLVWHUHGDVHOIUHSRUWTXHVWLRQQDLUHGHVLJQHGWRFDSWXUHWKHLUH[SHULHQFHGFRJQLWLYHORDGWKHXVDELOLW\RI
WKH&%$V\VWHPWKHSHUFHLYHGHDVHRIXVHRIWKH&%$DQGLWVSHUFHLYHGXVHIXOQHVVWKHTXDOLW\RIWKH&%$V\VWHP
WKH UHODWLYH DGYDQWDJH RI WKH FXUUHQW &%$ V\VWHP RYHU RWKHU &%$ V\VWHPV WKH\ KDG H[SHULHQFHG HDUOLHU WKH
VDWLVIDFWLRQRI WKHSDUWLFLSDQWVZLWK WKHDVVHVVPHQW V\VWHP LQJHQHUDO DQG WKHLUZLOOLQJQHVV WRFRQWLQXH WRXVH WKH
&%$
5HVXOWVDQG$QDO\VLV
7DEOH  KLJKOLJKWV WKHGHVFULSWLYH VWDWLVWLFV RI WKHSDUWLFLSDQWV DQG WKHGHSHQGHQWPHDVXUHV WKDWZHUH FDSWXUHG
GXULQJ WKH H[SHULPHQW ,Q WKHYHUWLFDOPHQXEDVHG&%$FRQGLWLRQ VWXGHQWV PDOH DQG IHPDOH0$JH 
6'$JH 00DUNV 6'0DUNV IURP,QGLDSDUWLFLSDWHGZKLOHVWXGHQWVPDOHDQG
IHPDOH0$JH 6'$JH 00DUNV 6'0DUNV  IURP86$SDUWLFLSDWHG)RU WKH VWHS
EDVHGQDYLJDWLRQ&%$FRQGLWLRQVWXGHQWV PDOHDQGIHPDOH0$JH 6'$JH 00DUNV 
6'0DUNV IURP,QGLDSDUWLFLSDWHGZKLOHVWXGHQWVPDOHDQGIHPDOH0$JH 6'$JH
 00DUNV 6'0DUNV IURP86$SDUWLFLSDWHG$OOWKHIRXUJURXSVZHUHKRPRJHQHRXVLQWHUPV
RIWKHLUDJHDQGPDUNVREWDLQHGLQWKHODVWTXDOLI\LQJH[DP
7KH[IDFWRULDOPXOWLYDULDWHWHVWV0$129$FRQGXFWHGRQWKHGDWDVHWV7DEOHUHYHDOHGWKDWWKHUHZDVD
VWDWLVWLFDOO\VLJQLILFDQWPDLQHIIHFWIRULQWHUIDFHIHDWXUH) S3LOODL¶V7UDFH SDUWLDOȘ
 7KHUHZDVDOVRDVWDWLVWLFDOO\VLJQLILFDQWPDLQHIIHFWIRU&RXQWU\) S3LOODL¶V7UDFH
 SDUWLDOȘ 7KHUHZDVVWDWLVWLFDOO\VLJQLILFDQWLQWHUDFWLRQHIIHFWEHWZHHQ&RXQWU\DQGLQWHUIDFHIHDWXUH
) S3LOODL¶V7UDFH SDUWLDOȘ DWVLQJOH WDLOHGDQDO\VLV8QLYDULDWHDQDO\VLV
FRQGXFWHGUHYHDOVWKDWWKHJURXSPHPEHUVKLSLQWHUIDFHIHDWXUHQDYLJDWLRQDOPHFKDQLVPKDGDVLJQLILFDQWHIIHFWRQ
WLPHWDNHQ) SSDUWLDOȘ 8QLYDULDWHDQDO\VLVFRQGXFWHGIRUWKHJURXSPHPEHUVKLS
FXOWXUDOEDFNJURXQGVKDGDVLJQLILFDQWHIIHFWRQVXEMHFWLYHFRJQLWLYHORDG) SSDUWLDOȘ 
SHUFHLYHGV\VWHPXVDELOLW\) SSDUWLDOȘ UHODWLYHDGYDQWDJH) S
  SDUWLDO Ș  ZLOOLQJQHVV WR FRQWLQXH WR XVH )    S   SDUWLDO Ș   ) 
 SSDUWLDOȘ 8QLYDULDWHDQDO\VLVFRQGXFWHGIRU WKHJURXSPHPEHUVKLS WKH LQWHUDFWLRQHIIHFW
EHWZHHQFXOWXUHDQGLQWHUIDFHKDGDVLJQLILFDQWHIIHFWRQWLPHWDNHQ) SSDUWLDOȘ 
7KHSDLUZLVHFRPSDULVRQVKLJKOLJKWWKDWWLPHWDNHQLQYHUWLFDOPHQXEDVHGQDYLJDWLRQZDVVLJQLILFDQWO\KLJKHU
WKDQVWHSEDVHGQDYLJDWLRQ6XEMHFWLYHFRJQLWLYHORDGUHSRUWHGZDVVLJQLILFDQWO\KLJKHUIRU,QGLDQVWXGHQWVWKDQWKHLU
$PHULFDQ FRXQWHUSDUWV 6LPLODUO\ UHODWLYH DGYDQWDJH ZDV UHSRUWHG VLJQLILFDQWO\ KLJKHU E\ ,QGLDQV WKDQ WKHLU
$PHULFDQFRXQWHUSDUWV3HUFHLYHGV\VWHPXVDELOLW\ZDVVLJQLILFDQWO\ORZHUIRU,QGLDQVWXGHQWVWKDQWKHLU$PHULFDQ
FRXQWHUSDUWV7LPHWDNHQWRFRPSOHWHWKHWHVWZDVVLJQLILFDQWO\ORZHUE\$PHULFDQVWXGHQWVWKDQWKHLU,QGLDQFRXQWHU
SDUWV,WKDVEHHQREVHUYHGWKDWQDYLJDWLRQDOPHFKDQLVPVWHSDQGPHQXEDVHGLQWHUDFWVZLWK&XOWXUDOEDFNJURXQG
,QGLDQDQG$PHULFDQVWXGHQWVWRSURGXFHDVLJQLILFDQWHIIHFWRQWKHDPRXQWRIWLPHWDNHQWRFRPSOHWHWKHWHVWV

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)LJ,QVWUXFWLRQDOHIILFLHQF\RIYHUWLFDOPHQXEDVHGQDYLJDWLRQDQGVWHSEDVHGQDYLJDWLRQ&%$FRQGLWLRQVEHWZHHQ,QGLDQDQG$PHULFDQ
VWXGHQWV
)LJXUHKLJKOLJKWVWKH&DUWHVLDQFRRUGLQDWHSORWRI,QVWUXFWLRQDOHIILFLHQF\DFURVVWKHWZRLQWHUIDFHIHDWXUHVIRU
WKH,QGLDQDQGWKH$PHULFDQ6WXGHQWV6XEMHFWLYHFRJQLWLYHORDGPHDVXUHVDQGVFRUHVREWDLQHGE\WKHVWXGHQWVZHUH
ODWHUFRPELQHGDVVXJJHVWHGE\3DDVDQGYDQ0HUULsQERHU WRFRPSXWH WKH LQVWUXFWLRQDOHIILFLHQF\RI WKH
SUHVHQWDWLRQPHGLXPV7KH,QVWUXFWLRQHIILFLHQF\ZDVFDOFXODWHGXVLQJWKHIROORZLQJIRUPXOD



:KHUH( ,QVWUXFWLRQDO(IILFLHQF\0 ]YDOXHRIWKHFRJQLWLYHORDGPHDVXUHDQG3 ]YDOXHRISHUIRUPDQFH
PHDVXUHV WHVW VFRUH  )LJXUH  KLJKOLJKWV WKH LQVWUXFWLRQDO HIILFLHQF\ RI WKH PHGLXPV SORWWHG LQ D FDUWHVLDQ
FRRUGLQDWHV\VWHP
'LVFXVVLRQ
7KHUHVXOWVRIWKHPXOWLYDULDWHDQDO\VLVFRQGXFWHGIRUWKH([SHULPHQW9HUWLFDOPHQXEDVHGQDYLJDWLRQYVVWHS
EDVHGQDYLJDWLRQKLJKOLJKWVLPSRUWDQWIDFWVUHJDUGLQJWKHHIIHFWRIWKHYHUWLFDOPHQXEDVHGQDYLJDWLRQDOPHFKDQLVP
DQG VWHS EDVHG QDYLJDWLRQDO PHFKDQLVP IHDWXUHV LQ D &%$ V\VWHP $ VLJQLILFDQW 0$129$ PDLQ HIIHFW IRU
QDYLJDWLRQDOPHFKDQLVPVDQGFXOWXUDOEDFNJURXQGZDVREVHUYHG8QLYDULDWHDQDO\VLVFRQGXFWHGWRDVVHVVWKHHIIHFW
RIWKHFULWHULRQYDULDEOHVRQWKHGHSHQGHQWPHDVXUHVUHYHDOVWKDWQDYLJDWLRQDOPHFKDQLVPVDIIHFWWKHDPRXQWRIWLPH
WDNHQE\WKHVWXGHQWVDPRQJWKHWZR&%$FRQGLWLRQV$SDLUZLVHDQDO\VLVUHYHDOHGWKHGLUHFWLRQRIWKHHIIHFW
6WXGHQWV WRRN ORQJHU WLPH LQFRPSOHWLQJ WKH&%$ZLWKYHUWLFDOPHQXEDVHGQDYLJDWLRQDOPHFKDQLVPV)RU WKH
VLJQLILFDQWPDLQHIIHFWRIFXOWXUDOEDFNJURXQGVREVHUYHGLQWKHPXOWLYDULDWHDQDO\VLVVHULHVRIXQLYDULDWHDQDO\VLVRQ
WKH GHSHQGHQW PHDVXUHV UHYHDOHG WKDW &XOWXUDO EDFNJURXQG DIIHFWV VXEMHFWLYH FRJQLWLYH ORDG SHUFHLYHG V\VWHP
XVDELOLW\UHODWLYHDGYDQWDJHZLOOLQJQHVVWRFRQWLQXHWRXVHDQGWLPHWDNHQWRFRPSOHWHWKHWHVW
:KLOH,QGLDQVWXGHQWVKDGUHSRUWHGVXEMHFWLYHFRJQLWLYHORDGUDWHSHUFHLYHGV\VWHPXVDELOLW\UHODWLYHDGYDQWDJH
ZLOOLQJQHVV WR FRQWLQXH WR XVH KLJKHU DV FRPSDUHG WR WKHLU$PHULFDQ FRXQWHUSDUWV$PHULFDQ VWXGHQWV KDYH EHHQ
IRXQG WRFRPSOHWHERWK WKH IRUPDWVRI WKH&%$DW DPXFK IDVWHU UDWH WKDQ WKHLU ,QGLDQFRXQWHUSDUWV2YHUDOO WKH
LQYHVWLJDWLRQIRXQGWKDWWKHVWXGHQWVH[SHUWVRIWKHWZRFRXQWULHVGLIIHULQWHUPVRIWKHLULQGLYLGXDOFKDUDFWHULVWLFV
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ZKHQSURYLGHGZLWKWZRIRUPDWVRI&%$FRQGLWLRQV7KHLQVWUXFWLRQDOHIILFLHQF\SORWWLQJVXJJHVWVWKDWIRU$PHULFDQ
VWXGHQWVERWKWKH&%$FRQGLWLRQVIDOOLQKLJKLQVWUXFWLRQDOHIILFLHQF\]RQHZKLOHIRUWKHLU,QGLDQFRXQWHUSDUWVERWK
IDOOLQWKHORZLQVWUXFWLRQDOHIILFLHQF\]RQH7KHSORWVIRULQVWUXFWLRQDOHIILFLHQF\RIERWKWKH&%$V\VWHPVZLWKVWHS
DQG YHUWLFDO PHQX EDVHG QDYLJDWLRQDO PHFKDQLVP QHHGV WR EH YLHZHG IURP WKH SHUVSHFWLYH RI WKH VXEMHFWLYH
FRJQLWLYH ORDGDV UHSRUWHGE\ WKH VWXGHQWVRI WKH WHVWLQJVLWXDWLRQV  ,QGLDQVWXGHQWVSUHIHUUHGYHUWLFDOPHQXPRUH
WKDQ VWHS EDVHG QDYLJDWLRQ 7KH\ FRXOG VHH WKH QXPEHU RI TXHVWLRQV WKDW QHHGV WR EH DQVZHUHG ZLWKRXW DQ\
VXEVWDQWLDOLQWHUDFWLRQZLWKWKHV\VWHP%XWLQWKHVWHSEDVHGQDYLJDWLRQ&%$V\VWHPWKHVWXGHQWVKDGWRFOLFNWKH
1(;7EXWWRQWRKDYHDJODQFHRYHU WKHQXPEHURITXHVWLRQV WKDWQHHGV WREHDQVZHUHG7KLVSK\VLFDO LQWHUDFWLRQ
ZLWKWKHV\VWHPWRKDYHDJODQFHRYHUWKHTXHVWLRQVWKDWWKHWHVWSUHVHQWHGWRWKHPPLJKWKDYHOHGWRWKHJHQHUDWLRQ
RI H[WUDQHRXV ORDG WKDW DIIHFWHG WKHLU SHUIRUPDQFH LQ WHUPV RI WHVW VFRUHV REWDLQHG LQ WKH &%$ZLWK VWHS EDVHG
QDYLJDWLRQ ,QFRPSDULVRQ WR VWHSEDVHGQDYLJDWLRQ WKH VWXGHQWVKDYH VFRUHGPXFKKLJKHU LQYHUWLFDOPHQXEDVHG
QDYLJDWLRQDOPHFKDQLVPDQGDOVRUHSRUWHGKLJKHUFRJQLWLYHORDGZKLFKPLJKWKDYHEHHQJHQHUDWHGGXHWRDQ[LHW\RI
DVVHVVPHQWHQYLURQPHQWDQGWKHVWUHVVPDJQLILHGPRUHDVWKH\KDGWRLQWHUDFWZLWKWKHV\VWHPLQRUGHUFRPSUHKHQG
WKHQXPEHURITXHVWLRQVWKH\QHHGWRDQVZHU)RUWKH$PHULFDQVWXGHQWVDVWKH,QVWUXFWLRQDOHIILFLHQF\SORWVXJJHVW
ERWKWKHFRQGLWLRQVOLHGLQWKHVDPH]RQHRIKLJKHIILFLHQF\DQGWKHUHIRUHFDQEHFRQFOXGHGWKDWWKH\SUHIHUUHGERWK
WKHVLWXDWLRQ
&RQFOXVLRQ
2YHUDOO WKH LQYHVWLJDWLRQ IRXQG WKDW WKH VWXGHQWV RI WKH WZR FRXQWULHV GLIIHU LQ WHUPV RI WKHLU LQGLYLGXDO
FKDUDFWHULVWLFVZKHQSURYLGHGZLWK WZRIRUPDWVRI&%$FRQGLWLRQV7KH LQVWUXFWLRQDOHIILFLHQF\SORWWLQJVXJJHVWV
WKDWIRU$PHULFDQVWXGHQWVERWKWKH&%$FRQGLWLRQVIDOOLQKLJKLQVWUXFWLRQDOHIILFLHQF\]RQHZKLOHIRUWKHLU,QGLDQ
FRXQWHUSDUWVERWKIDOOLQWKHORZLQVWUXFWLRQDOHIILFLHQF\]RQH7KRXJK,QGLDQVWXGHQWVKDYHVLJQLILFDQWO\SUHIHUUHG
WKH9HUWLFDOPHQXEDVHGQDYLJDWLRQ WKDQ WKH6WHSEDVHGQDYLJDWLRQ ,W LV LPSRUWDQW WRKLJKOLJKW WKDW VWXGHQWVZKR
ZHUHUHFUXLWHGIRUWKLVVWXG\ZHUHSXUSRVHIXOO\VHOHFWHGIRUWKHLUDZDUHQHVVZLWKFRPSXWHUVDQGDQ[LHW\VRWKH\DUH
H[SHUWV ,W FDQ EH DUJXHG WKHQ LI ,QGLDQ VWXGHQWVZKR GLVSOD\HG H[SHUW FKDUDFWHULVWLFV KDYH EHHQ DIIHFWHG E\ WKH
SUHVHQWDWLRQ IRUPDW VWXGHQWV ZLWK ORZ RU PRGHUDWH FRPSXWHU DZDUHQHVV DQG DQ[LHW\ ZRXOG GHILQLWHO\ EH ZRUVW
DIIHFWHGE\ WKHVH QDYLJDWLRQDOPHFKDQLVPV LQ&%$SUHVHQWDWLRQ IRUPDW8QWLO WKLV VWXG\ OLWHUDWXUHV LQ WHVWPRGH
HIIHFWQHYHUDWWULEXWHGZKHWKHUQDYLJDWLRQDOPHFKDQLVPVFRXOGDIIHFWVWXGHQWVEXW WKLV LQYHVWLJDWLRQKDVSUHVHQWHG
HPSLULFDO UHVXOWV WR VXSSRUW WKDW VWXGHQWV JHW DIIHFWHG GXH WR QDYLJDWLRQDO PHFKDQLVPV LQ &%$ HQYLURQPHQW
0RUHRYHUWKHLUFXOWXUDOEDFNJURXQGVDOVRFDQDIIHFWWKHZD\WKH\UHDFWWRQDYLJDWLRQDOPHFKDQLVPVLQDVVHVVPHQW
HQYLURQPHQW /DVW EXW QRW WKH OHDVW LW FDQ EH DUJXHG KHUH WKDW WKLV VWXG\ KDV KLJKOLJKWHG WKH HIIHFW RI LQWHUIDFH
IHDWXUHV OLNHQDYLJDWLRQDOPHFKDQLVPVRQSHUIRUPDQFHRIVWXGHQWV LQ&%$HQYLURQPHQW7KHUHVXOWVRI WKLVVWXG\
SURYLGHQDYLJDWLRQDOKHXULVWLFVIRUJUDSKLFDOXVHULQWHUIDFHGHVLJQHUVWRGHVLJQDQHIIHFWLYH&%$V\VWHPWKDWZRXOG
VXSSRUWUDWKHUWKDQLQWHUIHUHZLWKVWXGHQWV¶FRJQLWLYHDELOLWLHVLQDQDVVHVVPHQWHQYLURQPHQW
$FNQRZOHGJHPHQW
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH )XOEULJKW )RXQGDWLRQ 86$ IRU WKH ILQDQFLDO VXSSRUW LW SURYLGHG IRU
FRQGXFWLQJ WKH VWXG\ DW WKH 8QLYHUVLW\ RI 7H[DV DW $XVWLQ 7KH DXWKRUV ZRXOG DOVR OLNH WR WKDQN 3URI 6DPXHO
*RVOLQJRIWKH8QLYHUVLW\RI7H[DVDW$XVWLQIRUH[WHQGLQJKLVVXSSRUWDQGJXLGDQFHGXULQJWKHVWXG\
5HIHUHQFHV
6LQJK56 6HSW3HUVRQDOFRPSXWHUVDOHVJURZLQ7KH+LQGX%XVLQHVV/LQH5HWULHYHGRQ0DUFKIURP
KWWSZZZWKHKLQGXEXVLQHVVOLQHFRPLQGXVWU\DQGHFRQRP\LQIRWHFKSHUVRQDOFRPSXWHUVDOHVJURZLQDUWLFOHHFH
8QGHUZRRG-'0	%URZQ-,QWHJUDWHGOHDUQLQJV\VWHPVSRWHQWLDOLQWRSUDFWLFH/RQGRQ+HLQHPDQ
0D]]HR-'UXHVQH%5DIIHOG3&&KHFNHWWV.7	0XKOVWHLQ$&RPSDUDELOLW\RIFRPSXWHUDQGSDSHUDQGSHQFLOVFRUHVIRU
WZR&/(3JHQHUDOH[DPLQDWLRQV&ROOHJH%RDUGUHSRUW1R
0DVRQ%-3DWU\0	%HUVWHLQ'-$Q([DPLQDWLRQRIWKHHTXLYDOHQFHEHWZHHQQRQDGDSWLYHFRPSXWHUEDVHGDQGWUDGLWLRQDO
WHVWLQJ-RXUQDORI(GXFDWLRQDO&RPSXWLQJ5HVHDUFK±
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6FKDHIIHU*$5HHVH&06WHIIHQ00F.LQOH\5/	0LOOV&1)LHOGWHVWRIDFRPSXWHUEDVHG*5(JHQHUDOWHVW(76
5HVHDUFK5HSRUW
/HHVRQ+97KHPRGHHIIHFW$OLWHUDWXUHUHYLHZRIKXPDQDQGWHFKQRORJLFDOLVVXHVLQFRPSXWHUL]HGWHVWLQJ,QWHUQDWLRQDO-RXUQDORI
7HVWLQJ
$OOLVRQ/	+DPPRQG1$OHDUQLQJVXSSRUWHQYLURQPHQW7KH+LWFK+LNHU¶V*XLGH,Q50F$OHHVH(G+\SHUWH[W7KHRU\LQWR
SUDFWLFHSS([HWHU(QJODQG,QWHOOHFW%RRNV
'HH/XFDV'	/DUNLQ-+/HDUQLQJIURPHOHFWURQLFWH[WV(IIHFWVRILQWHUDFWLYHRYHUYLHZVIRULQIRUPDWLRQDFFHVV&RJQLWLYHDQG
,QVWUXFWLRQ
0F'RQDOG6	6WHYHQVRQ5 - 1DYLJDWLRQ LQ K\SHUVSDFH$Q HYDOXDWLRQRI WKH HIIHFWV RI QDYLJDWLRQDO WRROV DQG VXEMHFWPDWWHU
H[SHUWLVHRQEURZVLQJDQGLQIRUPDWLRQUHWULHYDOLQK\SHUWH[W,QWHUDFWLQJZLWK&RPSXWHU
3XQWDPEHNDU66W\OLDQRX$	+EVFKHU5,PSURYLQJQDYLJDWLRQDQGOHDUQLQJLQK\SHUWH[WHQYLURQPHQWVZLWKQDYLJDEOHFRQFHSW
PDSV+XPDQ&RPSXWHU,QWHUDFWLRQ
*DOO-(	+DQQDILQ0-$IUDPHZRUNIRUWKHVWXG\RIK\SHUWH[W,QVWUXFWLRQDO6FLHQFH
-RQDVVHQ'++\SHUWH[WSULQFLSOHVIRUWH[WDQGFRXUVHZDUHGHVLJQ(GXFDWLRQDO3V\FKRORJLVW
1RYDN-'	*RZLQ'%/HDUQLQJKRZWROHDUQ&DPEULGJH8QLYHUVLW\3UHVV
/HXWKROG66FKPXW]3%DUJDV$YLOD-$7XFK$1	2SZLV.9HUWLFDOYHUVXVG\QDPLFPHQXVRQWKHZRUOGZLGHZHE(\H
WUDFNLQJVWXG\PHDVXULQJWKHLQIOXHQFHRIPHQXGHVLJQDQGWDVNFRPSOH[LW\RQXVHUSHUIRUPDQFHDQGVXEMHFWLYHSUHIHUHQFH&RPSXWHUVLQ
KXPDQEHKDYLRU
 )RZOHU 6	6WDQZLFN9 :HE DSSOLFDWLRQ GHVLJQ KDQGERRN%HVW SUDFWLFHV IRUZHEEDVHG VRIWZDUH 6DQ)UDQFLVFR&$86$
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6WUDXE'/RFK.(YDULVWR5.DUDKDQQD(	6ULWH0 7RZDUGD WKHRU\EDVHGPHDVXUHPHQWRI FXOWXUH+XPDQ IDFWRUV LQ
LQIRUPDWLRQV\VWHPV
5HLFKHUV$DQG6FKQHLGHU%
&OLPDWHDQG&XOWXUH$Q(YROXWLRQRI&RQVWUXFWV
2UJDQL]DWLRQDO&OLPDWHDQG&XOWXUH
6DFNPDQQ6
&XOWXUHDQGVXEFXOWXUHV$QDQDO\VLVRIRUJDQL]DWLRQDONQRZOHGJHV
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IRUPDW,Q,QWHOOLJHQW+XPDQ&RPSXWHU,QWHUDFWLRQ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